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Bamboo comprises a group of large woody grasses belonging to the family Poaceae and subfamily Bambusoideae [6] . This subfamily consists of more than 70 genera and about 1,450 species [7] . Among them, Kumaizasa is a bush-type bamboo grown in Hokkaido, Japan and has been used as a material for herbal medicine and as a health food. Kumaizasa is rich in dietary fiber, especially holocellulose.
Holocellulose derived from Kumaizasa was confirmed to have an effect of increasing stool weight in preliminary experiments in rats conducted by UNIAL Co., Ltd (Tokyo, Japan, unpublished data) and was suggested to have the potential to improve constipation. In another study, the stool volume and stool frequency significantly improved by continuous ingestion of Kumaizasa powder in female subjects of various ages with chronic constipation [8] . In brief, researchers conducted an open clinical trial of daily ingestion of Kumaizasa powder for 56 subjects aged from 20 to 60 years who complained of persistent constipation. Subjects consumed 4.2 g/day of Kumaizasa powder at a maximum for 4 weeks. The results showed a significant improvement in stool frequency, shape, color and odor, abdominal condition, and sensation after defecation compared with the placebo. However, no study under placebo-controlled study design has shown that Kumaizasa powder can relieve constipation.
Thus, we here conducted a placebo-controlled, randomized, double-blind, parallel-group comparison study to evaluate the effects of Kumaizasa powder in healthy volunteers with a tendency for constipation.
METHODS

Study design
The clinical study was conducted as a placebo-controlled, randomized, double-blind, and parallel-group comparison study. The time schedule for the study is shown in Figure 1 . The subjects were recruited by Hokkaido Information University (25 th August-8 th September 2017) and were fully informed regarding its content and methods. Written informed consent was obtained from subjects before their enrollment.
At visit 1, we performed a medical interview, a check of vital signs, hematological examinations, and body composition measurements for those who met the inclusion criteria and not the exclusion criteria (see 2.2 Subjects) at the time of recruitment. After visit 1, we set a 2-week screening period. During the screening period, subjects were instructed to take approximately 150 ml of water daily after breakfast and asked to record in a diary changes in physical condition, medication and defecation status. Based on the diaries, we selected subjects whose stool frequency was 3 to 5 times per week and allotted them into active and placebo groups. One week before the start of the study food ingestion, we set the preobservation period as the baseline period, during which subjects were instructed to take approximately 150 ml of water daily after breakfast. At, visit 2 (week 0 as the baseline) and visit 3 (week 2), we performed a medical interview, a check of vital signs, hematological examinations, body composition measurements and VAS questionnaires. During the pre-observation period and the study food ingestion period, subjects were asked to record in a diary changes in physical conditions, medication, the study food ingestion (only during the study food ingestion period) and defecation status. Furthermore, the contents of meals for three days before each visit were recorded on questionnaires and submitted at each visit. During the entire course of this study, subjects were asked not to change their daily activities including food consumption and exercise. As for foods to be avoided during the study, ingestion and overdose of the following foods were prohibited during the period from the visit 1 to visit 3: 1) health foods and supplements, including foods for specified health use. 2) foods formulated with oligosaccharides (oligosaccharide powder, oligosaccharide syrup, oligosaccharide-containing beverages). 3) foods enriched with dietary fiber (dietary fiber powder, beverages containing dietary fiber), and 4) yogurt and other beverages containing lactic acid bacteria, 5) natto (traditional Japanese food made from fermented soybeans).
The primary outcome was stool frequency, and the secondary outcomes were stool volume, shape, color, odor, and sensation after defecation and items on a VAS questionnaire including abdominal condition, sensation after defecation, and tension of the lower abdomen. We evaluated the efficacy of the active food at week 2.
We performed the current clinical trial by the method shown in "Regarding the permission to display foods for specified health use," and "Notes on the application for food for specified health use" [9] . 
Subjects
141 subjects volunteered to participate in the physical examination at visit 1 and recorded their bowel movements in a diary during the screening period. All volunteers provided written informed consent to participate in this clinical study. Through screening tests (physical examination at visit 1 and bowel movement records), we selected 80 healthy Japanese subjects (aged 20-65 years) whose stool frequency was 3-5 times per week during the screening period. The exclusion criteria were 1) subjects having a major surgical history related to the digestive system, 2) subjects with irritable bowel syndrome or inflammatory bowel disease, 3) subjects who regularly take anticoagulants (warfarin), 4) subjects with serious cerebrovascular, cardiac, hepatic, renal, and/or gastrointestinal diseases, or who are affected by an infectious disease that needs to be reported to authorities, 5) subjects with unusually high and/or low BP or abnormal hematological data, 6) subjects with serious anemia, 7) pre-or postmenopausal subjects having complaints of obvious physical changes, 8) subjects who are at risk of having allergic reactions to drugs or foods, especially Poaceae (rice, wheat, corn, etc.), 9) subjects who regularly take medicine, functional foods and/or supplements (antibiotics, digestants, laxatives, antidiarrheals, probiotics, oligosaccharide, dietary fiber, etc.) that would affect defecation, 10) heavy smokers, alcohol addicts or subjects with irregular lifestyles, 11) subjects who donated either 400 ml of whole blood within 12 weeks or 200 ml of whole blood within 4 weeks or blood components within 2 weeks prior to the start of this study, 12) subjects who were pregnant or expected to be pregnant, or lactating during the study, 13) subjects who had participated in other clinical trials within the month prior to the current clinical trial, and 14) any other medical reasons judged by the principal investigator.
The 80 eligible subjects were randomly assigned to the active food group (Kumaizasa powder) or the placebo food group stratified by sex, age and stool frequency per week based on per diaries during the screening period. Group assignments were computer-generated using stratified block randomization at a third-party data center (Media Educational Center, Hokkaido Institute of Information Technology, Ebetsu city, Hokkaido). Doctors, nurses, clinical research coordinators, and statistical analyzers had no knowledge of the assignment information during this trial period. This information was only disclosed after the laboratory and analytical data were fixed and the method of statistical analysis was finalized.
Study food
The study foods, i.e., the active food (Kumaizasa powder; SanSTAGE®) and the placebo (starch colored with gardenia), were provided by UNIAL Co., Ltd (Tokyo, Japan). The composition of the study foods used in this study is given in Table 1 . The active food was prepared by powdering and sterilizing Kumaizasa leaves harvested in Hokkaido. The production and packing were carried out in a quality-controlled manufacturing plant in compliance with the Food Sanitation Act (the Ministry of Health, Labor, and Welfare of Japan). Regarding the quality of the active food and placebo foods, both were prepared at a factory where the quality and sanitation system for food processing was strictly controlled for safety before shipment.
The study foods were packed in an aluminum package (4.2 g/package), and there was no difference in appearance between the test foods and the placebo. We instructed subjects to take 1 pack of the study foods each day suspended in 150 ml water at a favorite time (if possible after breakfast) for 2 weeks 
Physical Examination
Blood samples were taken for testing at week 0 and at weeks 2. In addition to a medical interview by a doctor, each subject's body composition (body weight (BW), body mass index (BMI), body fat ratio (BFR)) and vital signs (blood pressure (BP) and heart rate) at the visit were measured. General blood tests included white blood cell counts (WBC), red blood cell counts (RBC), hemoglobin level (Hb), hematocrit level (Ht), platelet count (Plt), aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transpeptidase (γ-GTP), alkaline phosphatase (ALP), and lactate dehydrogenase (LDH), blood urea nitrogen (BUN), creatinine (CRE), uric acid (UA), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HLD-C), triglycerides (TG), fasting blood glucose (FBG), and hemoglobin A1c (HbA1c).
Diaries on bowel movement
During the screening period, pre-observation period and the study food ingestion period, subjects were required to fill out a diary on bowel movement every day regarding six items: stool frequency, volume, shape, color, odor, and sensation after defecation.
Stool frequency was defined as the number of bowel movements per day regardless of the defecation interval or stool volume. Stool volume was determined by naked eyes using a ping-pong ball (diameter 40 mm) as a guide, and the corresponding total number was described. Stool shapes were classified into 6 types, including separate nut shape (1 point), hard lump shape (2 points), banana shape (3 points), half shape (4 points), mud shape (5 points), and watery (6 points). Stool colors were classified into six: dark brown almost black (1 point), dark brown (2 points), brown (3 points), yellowish brown (4 points), light yellowish brown (5 points), and yellow (6 points). The subjects decided on the type of their stool. The stool odor was selected from 5 types, extreme (1 point), strong (2 points), average (3 points), weak (4 points), and very weak (5 points). The sensation after defecation was selected from four items, very poor (1 point), poor (2 points), good (3 points), and excellent (4 points).
In cases in which defecation was performed more than once per day, stool shape, stool color, stool odor, and sensation after defecation were recorded only for the first defecation of the day.
We performed 3 evaluations, at baseline (1 week before the study food ingestion), week 1 (first half of the study food ingestion period) and week 2 (last half of the study food ingestion period). As for stool frequency, the total for each period was calculated for each subject. For the total stool volume, shape, color, odor, and sensation after defecation, the average for each period was calculated for each subject.
VAS questionnaire
Subjects responded to a VAS questionnaire at visit 2 and visit 3, including questions about abdominal condition, sensation after defecation, and tension of the lower abdomen. On a line segment of 100 mm for each item, subjects marked the specific points (writing an x mark on the line segment) of the worst state at the left end and the state with the best condition at the right end. The questionnaire result was scaled by measuring the lengths from the left end to the two x marks. 
Statistical Analysis
Means and standard deviations of the subject characteristics were calculated for each group. As for the primary outcome, secondary outcomes, and food frequency questionnaire, changes in subject values were analyzed using Student's t-test by comparing the means between the active food group and the placebo at each evaluation point (period). As for subject characteristics, Fisher's exact probability test was conducted for gender and Mann-Whitney's U test was performed for ingestion rate. Student's ttest was used for the other subject characteristics. The ingestion rate was calculated using the following equation:
(1) Ingestion rate (%) = (Actual number of ingestion study foods) (Scheduled number of ingested study foods)
× 100%
All statistical analyses were performed using SPSS Statistics 20 (IBM Japan, Ltd), and p values < 0.05 were considered to indicate significance.
Sample Size
Prior to conducting the current study, we performed a placebo-controlled double-blind, parallel group comparison test (registered at www.umin.ac.jp/ctr/index.htm (registration number: UMIN000024504), date of registration 20 October 2016) with the multiple doses of 1.4 g, 2.8 g, and 4.2 g. The VAS questionnaire results indicated that bowel movement was improved by continuous 2-week ingestion of 4.2 g/day of Kumaizasa powder in respect to stool frequency, color and odor, and tension of lower abdomen. Based on the preliminary data, the sample size was calculated to detect an inter-group difference of 1.00 in stool frequency changes from baseline to week 2 (standard deviation (SD) =0.5), using a two-sided paired t-test with a statistical power of 80% and an α value of 5%. This determined the total sample size of 72, plus 8 to allow for attrition.
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RESULTS
Subject Dropouts and Exclusions, and Characteristics
The flow of participant involvement through the trial is shown in Figure 2 . Subjects who provided consent (n=141) were assessed for eligibility, and a total of 80 subjects were enrolled in the study. All enrolled subjects were randomized into one of the two intervention groups (placebo group, n=40; active group, n=40). During the trial, 2 subjects dropped out for personal reasons before ingestion of the study foods. As a result, 78 subjects completed this trial, 38 in the active food group and 40 in the placebo; all were included in the safety analysis. One subject was excluded from the efficacy analysis because of protocol violation (too much ingestion of a food rich in dietary fiber).
Gender ratio, mean age, height, BW, BFR, BMI, baseline stool frequency per week and ingestion rate for each group are presented in Table 2 . There was no significant difference between the active food group and the placebo for any baseline variable. Also, no statistically significant differences were observed on the food frequency questionnaire between the active food group and the placebo. 
Efficacy of Active Food (Kumaizasa powder) on Stool Frequency
After 2 weeks' ingestion of the study foods, the active food group showed a significantly higher value for stool frequency compared with the placebo group. The defecation frequencies of the placebo at baseline, week 1 and week 2 were 4.08 ± 1.53 times, 4.59 ± 1.62 times, and 4.46 ± 1.45 times, respectively. On the other hand, stool frequency of the active at baseline, week 1, and week 2 were 3.74 ± 1.31 times, 4.76 ± 1.67 times, 5.50 ± 2.35 times, respectively ( Fig. 3(a) , Table 3 ).
The change from baseline to week 1 and the change from baseline to week 2 were 0.51 ± 1.73 times and 0.38 ± 2.02 times in the placebo group, respectively. This was compared to 1.03 ± 1.50 times and 1.76 ± 2.16 times in the active food group, respectively ( Fig. 3(b) , Table 3 ). At week 1, there was no significant difference between the active and placebo groups (p=0.168), but at week 2, there was a significant difference (p=0.005) (Fig. 3(b) , Table 3 ). 
Efficacy of Active Food (Kumaizasa powder) on Stool Odor
After 2-weeks ingestion of the study foods, the active food group showed a significantly higher value for stool odor compared with the placebo. The points of stool odor as for the placebo, baseline, week 1 and week 2 were 2.70 ± 0.52 points, 2.80 ± 0.48 points, and 2.77 ± 0.56 points, respectively, compared to 2.60 ± 0.61 points, 2.87 ± 0.61 points, and 2.93 ± 0.48 points for the active food, respectively (Fig.   4(a) , Table 3 ).
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The change from baseline to week 1 and the change from the baseline to week 2 were 0.10 ± 0.51 points and 0.07 ± 0.56 points in the placebo food group, respectively, compared to 0.28 ± 0.42 points and 0.33 ± 0.49 points for the active food group, respectively (Fig. 4(b) ). At week 1, there was no significant difference between the active food group and the placebo (p=0.100), but at week 2, there was a significant difference (p=0.036) (Fig. 4(b) , Table 3 ).
(a) (b) Statistical significance: * p < 0.05 vs. placebo group.
Efficacy of Active Food (Kumaizasa powder) on Other Parameters Based on Diaries on Bowel Movement
We also examined other defecation-related items based on diaries on stool volume, shape, andcolor, bowel movement, and sensation after defecation. There were no statistically significant differences between the placebo and the active food (Table 3) .
VAS Questionnaire
We administered a VAS questionnaire on three items: abdominal condition, sensation after defecation and lower abdominal tension.
On the item of abdominal condition, the values were 53.46 ± 10.38 mm before the ingestion and 57.49 ± 14.88 mm after the ingestion for the placebo, but 51.45 ± 13.38 mm before ingestion and 62.26 ± 14.02 mm after ingestion for the active food ( Fig. 5(a) , Table 3 ). The change from baseline to 2 weeks was 6.87 ± 14.39 mm for the placebo, compared to 12.26 ± 17.68 mm for the active food (Fig. 5(b) ).
There was a significant difference (p=0.036) between groups. 
Food Safety
As for food safety analysis of the active food (Kumaizasa powder), we examined blood test items (WBC, RBC, Hb, Ht, Plt), liver function (AST, ALT, γ-GTP, ALP, LDH), blood glucose levels (FBG, HbA1c), blood lipids (TC, LDL-C, HDL-C, TG), renal function (BUN, CRE, UA), body composition (BW, BMI, BFR) and vital signs (BP, heart rate) ( Table 4) . We identified no significant abnormal physical or biological data or clinical signs during the clinical trial. There were also no severe adverse events observed in the medical interview during this study. A few subjects exhibited adverse effects such as headaches or common cold symptoms; moreover, these subjects presented only mild symptoms and recovered within a few days. Therefore, the physician in charge judged there were no adverse events related to the ingestion of 4.2g of Kumaizasa powder for 2 weeks.
DISCUSSION
Kumaizasa exerts various health benefits, such ameliration of constipation, potentiation of natural killer cell activity, and improvement of the condition of intestinal environment [8] . In this study, we focused on improvement of consitation by Kumaizasa. Constipation is a state resulting from a disruption of the regular rhythm of defecation, whereby the stool remains in the colon for a long time. Constipation brings about many physical troubles such as abdominal discomfort, bad breath, strong body odor, headache, shoulder discomfort, pimples, swelling and/or fatigue, all of which seriously affect QOL [10] .
Constipation is a widespread health problem, and a wide range of treatment methods are used to address it. Lifestyle modification is necessary as a first-line treatment, but data on the effectiveness of these measures are limited. Laxatives are the next choice for the treatment of constipation, but frequent use of these drugs may lead to adverse effects, and alternative treatment measures are therefore needed [5] .
In this study, we examined the usefulness of Kumaizasa powder as a fiber supplement to ameliorate constipation by a placebo-controlled, randomized, double-blind, parallel-group comparison study. As a result, stool frequency significantly increased as the primary outcome; also, stool odor and abdominal condition were improved after 2-week ingestion of Kumaizasa powder. These results suggest that Kumaizasa powder can relieve constipation. Kumaizasa has been widely ingested with an expectation of ameliorating constipation in Japan. A previous open clinical trial showed that stool volume and frequency significantly improved by continuous ingestion of Kumaizasa powder in female subjects of various ages with chronic constipation [8] . However, our study is the first study to confirm the efficacy of Kumaizasa for defecation under a placebo-controlled, randomized, double-blind, parallel-group comparison trial. It should be noted that as for stool volume there were no differences between the active food group and the placebo in this study, but that is likely because data about total daily stool volume was not available, only the amount of the first defecation of the day.
For centuries, bamboo shoots and leaves, including Kumaizasa have been traditionally consumed as a functional food, complementary medicine and food additives [6] . Kumaizasa is rich in dietary fiber, especially holocellulose. Ingestion of dietary fiber improves bowel movement, including shortening of stool transit time and stool frequency even in young adults [2] . Following that report, a meta-analysis revealed that dietary fiber ingestion is a potential therapeutic method for addressing constipation [5] .
As for the mechanism of dietary fiber on defecation, it is considered that dietary fiber has the ability to increase stool weight. The increased weight is due to the physical presence of the fiber, water held by the fiber, and increased bacterial mass from fermentation. Larger and softer stools increase the ease of defecation and reduce transit time through the intestinal tract, which may help to prevent or relieve constipation [12] .
As for the food safety of Kumaizasa powder, we found no adverse events related to the ingestion of the test food. It is notable that no one claimed diarrhea or stomach ache from daily ingestion of Kumaizasa powder. Therefore, Kumaizasa powder can be considered beneficial for amelioration of constipation without having any adverse effects.
In conclusion, our study showed amelioration of constipation by daily ingestion of Kumaizasa powder in healthy Japanese subjects aged 20−65 years (active food group, 49.94 ± 8.56; placebo food group, 50.34 ± 7.85). However, it is well known that the prevalence of constipation increases with age.
Laxatives remain a major treatment to solve the problem, but safety concerns in the frail elderly should be addressed [13] . Kumaizasa may have the potential to ameliorate constipation in the elderly without safety concerns. Moreover, Kumaizasa possesses advantage over other laxative products with respect to taste which encourages long-term use for consumers. Further study investigating the effect and safety of its ingestion among the elderly is expected. However, as a limitation of our study, we examined the effects of Kumaizasa powder only on healthy constipated subjects. Thus, it remains unknown whether Kumaizasa powder could improve constipation for diseased subjects. This issue also should be examined.
CONCLUSION
In this study, we revealed that Kumaizasa powder could ameliorate constipation without any adverse effects.
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